Thromboplastin inhibitors in the blood have received little attention until recently. Tocantins has presented evidence during the past decade which supports the view that a thromboplastin inhibitor exists in normal plasma (1, 2) . His work has culminated in the isolation of a lipid inhibitor from normal human plasma which he named "anticephalin" (3) . This factor is a strong inhibitor of clotting apparently acting as a thromboplastin antagonist. It is isolated as the methyl alcoholsoluble, ether-soluble fraction of plasma and is obtained from the hemophiliac in a form several times more active than normal. This fundamental information is made even more interesting by Tocantins' recent observations that hemophilic plasma euglobulins, after proper dilution, can promote clotting in whole hemophilic plasma (4).
Overman and Wright described an inositol phosphatide which was separated from plasma as well as from tissues and from soy beans (5, 6) . This lipid is an inhibitor of clotting which was thought to act in a complex manner involving thromboplastin. A method of preparation of the inhibitor was not published but it is assumed that the procedure was similar to that described by Tocantins (3). Fiala has described a protein inhibitor of clotting which is adsorbed from oxalated plasma by barium carbonate, barium sulfate and celite (7, 8) . The manner of action of this inhibitor was not described.
Much more impressive as an indication of a thromboplastin inhibitor in serum is the work of Schneider (9) and of Thomas (10) . These investigators demonstrated independently that human serum can effectively inactivate tissue thromboplastin. Both thromboplastin which was based on the ability of this substance to kill mice when injected intravenously. The rapid death which resgulted from injection of toxic doses could be prevented by preliminary incubation of the thromboplastin with serum. The inhibitor in serum was found to be heat labile. Thomas was able to show that serum had no effect on thromboplastin when calcium was removed by dialysis or by addition of oxalate. He isolated thromboplastin by high speed centrifugation after it had been incubated with serum in the presence of calcium. The sedimented material had no effect when injected into mice but its clotting activity was completely restored by addition of oxalate. The inhibitor was separated from serum with ammonium sulfate between the levels of 25 and 50 per cent saturation and was not dialyzable through cellophane membranes. Thomas' experiments provided proof that thromboplastin is inactivated by incubation with serum in the presence of calcium (10) The work to be described demanded a semi-purified thromboplastin preparation which could be sedimented by high speed centrifugation and recovered in high yields. This was accomplished by centrifuging the crude product described above for two hours at 28,000 G. in an angle head. The white pellet of thromboplastin was then reiuspended in its original volume of oxalated saline with the aid of a Potter-Elvehjem glass homogenizer. This process was then repeated two more times. After the last centrifugation, the sediment was taken up in salineimidazole buffer to 10 times its original volume. This preparation was almost water clear and was found to retain its activity when stored for several months at -20°C.
3. Prothrombin-free beef plasma. This reagent was used in our clotting system to provide a stable source of fibrinogen and accelerator globulin. It has been used quite successfully for a number of years in a modified onestage prothrombin test (13) . Freshly collected beef blood was added to a solution of 0.1 M potassium oxalate (proportion of 9 to 1). The plasma was removed after centrifugation and mixed with freshly precipitated barium sulfate. Equimolar solutions of barium chloride and sodium sulfate were mixed and the precipitate was washed 2 The inclusion of a small amount of oxalate in the saline solution results in a more active product (12, 13).
twice with distilled water. Two grams of centrifuged packed barium sulfate (dry weight) were added to each 100 ml. of plasma, thoroughly dispersed and allowed to stand at room temperature for about 30 minutes. The barium sulfate was then removed by centrifugation and each 100 ml. of plasma was run through a Seitz filter of 40 to 50 per cent asbestos content. The plasma was then dialyzed against saline until free of oxalate and diluted with an equal volume of 0.9 per cent sodium chloride containing 0.6 per cent imidazole. The resultant solution was then adjusted to pH 7.4 with 0.5 N hydrochloric acid and frozen at -200 C.
4. Clotting system for demonstrating thromboplastic activity. Prothrombin-free beef plasma was used as a stable source of fiibrinogen and accelerator globulin. As a source of prothrombin, freshly-reconstituted dried human plasma was employed. The plasma had been dried originally in 1945 and was found to contain a normal amount of prothrombin which remained stable for many hours after reconstitution (13) . For the purpose of this test it was diluted with distilled water to 10 times the volume of the original plasma. Thromboplastin and an optimal amount of calcium were also added to provide a clotting system which was quite sensitive to changes in thromboplastic activity. The entire system was easily reproduced on successive working days and gave remarkably constant clotting times with thromboplastin of known activity.
All tests were carried out at 37°C. The reagents were preheated to 37°C. and then added to 75 X 10 mm. test tubes in the following amounts and order: 0.1 ml. of prothrombin-free beef plasma 0.1 ml. of reconstituted dried human plasma (1 to 10) 0.1 ml. of buffer 0.1 ml. of thromboplastin 0.1 ml. 0.015 M calcium ehloride (optimum 0.01 to 0.02 M)
In the absence of thromboplastin, this system clotted in approximately 480 seconds. With a thromboplastin which gives 12 to 13 seconds with normal plasma in the one-stage prothrombin time, this system will clot in approximately 33 seconds. Using the purified thromboplastin described above, clotting times of about 40 seconds are obtained. Dilutions of this thromboplastin result in progressively longer clotting times which are indicated in Figure 1 . The logarithm of the thromboplastin concentration in this system was found to be a straight line function of the negative logarithm of the clotting time over a wide range.
B. Results 1. Demonstration of thromboplastin inhibitors in serum. When normal human serum was substituted in the clotting system above in place of the buffer, a small amount of acceleration of clotting was usually noted. When the thromboplastin, calcium chloride and serum were allowed to incubate at 37°C. before being added to the other two components of the clotting system, variable responses were obtained with different sera. As a general rule, an acceleration phase developed during the first few minutes which was then followed tion of an accelerator which was not present in our test system. Such a factor has been described recently in the literature (14) (15) (16) (17) . Since this factor, as well as prothrombin, is known to be adsorbed on barium sulfate it was of interest to test the inhibition with serum which had been adsorbed with barium sulfate. Previous experience had shown that the accelerator factors can be removed more efficiently with barium sulfate when oxalate is present. Therefore, oxalate was added to the serum to a strength of 0.02 M and freshly precipitated barium sulfate was added at a concentration of 2 grams (dry weight) per 100 ml. of oxalated serum. The suspension was dispersed thoroughly, allowed to stand at 370 C. for 45 minutes and the barium sulfate was removed by centrifugation. The serum was then dialyzed against saline until free of oxalate and adjusted to pH 7.4 with 0.5 per cent acetic acid.
When the barium sulfate-adsorbed serum was incubated with thromboplastin and calcium chloride, a marked inhibition of thromboplastin activity was apparent almost immediately. When calcium was eliminated during the incubation period, the inhibition of thromboplastin was much less. The results of a typical experiment are presented in Figure 3 . When expressed in terms of thromboplastin activity (ordinates to the right of Figure 3 ). it is apparent that the serum was capable of inactivating more than 95 per cent of the thromboplastin.
When a smaller amount of thromboplastin was incubated with adsorbed serum in the presence of calcium, the inhibition took place in a similar manner (Figure 4) . The thromboplastin used for this experiment (Figure 4 ) was one-tenth the concentration employed previously. The clotting activity was reduced to a level of 213 seconds after a 100 minute incubation period with serum. When the more concentrated thromboplastin was used (Figure 3) , the inhibition reached a maximum at a clotting activity of 107 seconds. The difference in actual thromboplastin concentration between 107 and 213 seconds is approximately five-fold (see Figure 1) . Thus, the activity of the thromboplastin remaining after incubation appears to be The clotting times of the four thromboplastins described above were then determined as before by adding 0.3 ml. of each resuspended' homogenized sediment to 0.2 ml. of an equal nuxture of prothrombin-free beef plasma and reconstituted human plasma. The clotting times are indicated in Table I along with the apparent amount of thromboplastin activity interpolated from Figure 1 . Except in experiment 2 of of the inhibitor was completely prevented by eliminating calcium during the incubation period (experiment 4) and the thromboplastin was actually recovered in 100 per cent yield. Experiment 2 provides confirmation of Thomas' observations that the effect of the inhibitor can be reversed by removal of calcium (10) . In this experiment, the serum and thromboplastin were incubated in the presence of calcium but the thromboplastin sediment was resuspended in a calcium-free medium. This resulted in the regeneration of most of the thromboplastic activity.
The supernatant serum from experiment 1 was examined for clotting properties after the thromboplastin had been sedimented. The clotting time of 465 second-s was almost the same as the clotting time of the system without serum or thromboplastin (480 seconds). This indicates that very little active thromboplastin remained in the supernatant and also eliminates the possibility of the production of an inhibitor when thromboplastin, serum and calcium were incubated together.
3. Effect of oxalate upon the demonstration of thromboplastin inhibitor in serum. An assay system was originally used which contained oxalate in the prothrombin-free beef plasma. This was compensated for by adding enough calcium chloride in the final step to react with the oxalate and to provide an optimal amount to achieve the shortest clotting time. It is of interest that this system did not demonstrate as much inhibition of thromboplastin as the oxalate-free system described earlier. This was interpreted to mean that the oxalate caused partial reversal of the inhibition during the short period when the thromboplastin and the prothrombin-free beef plasma were in contact before clotting took place.
In order to demonstrate the effect of oxalate, prothrombin-free beef plasma was prepared containing two different concentrations of potassium oxalate, 0.015 M and 0.03 M. The clotting system was examined using untreated thromboplastin to find the optimum level of calcium chloride. This was found to be 0.025 M for both oxalate concentrations and the clotting times were found to be slightly shorter when oxalate was present. The thromboplastin was incubated with equal volumes of barium sulfate-adsorbed serum and 0.025 M. calcium chloride. At intervals, aliquots were removed and tested for clotting activity as before except the oxalate containing prothrombin-free beef plasma was used. The results are indicated in Figure 5 , and compared to the oxalate-free system. It is apparent that thromboplastic activity is influenced by the presence of soluble oxalates. Much better success has been achieved in demonstrating inhibition of thromboplastin when oxalate-free systems are used. 4. Properties of the inhibitor in serum. The results reported above are reproducible with both fresh and aged human serum. The inhibitor appears to be stable when frozen at -200 C. No inhibitor activity can be detected in serum heated to 560 C. for 30 minutes. It has been found that the inhibitor becomes quite unstable after the serum is dialyzed and frozen. It is not yet known whether this instability is the result of the removal of calcium.
The inhibitor appears to be almost entirely precipitated from adsorbed serum with ammonium sulfate between the levels of 40 and 50 per cent of saturation at 00 C. The inhibitor isolated in this manner appears to be water soluble. It deteriorates somewhat when frozen in solution and stored at -200 C. but the activity is retained if it is dried immediately from the frozen state. It is not possible to reverse the action of the inhibitor with protamine sulfate. When thromboplastin is combined with adsorbed serum and calcium it is not possible to demonstrate the production of a thrombin inhibitor.
5. Inhibitor levels in plasma. When barium sulfate-adsorbed plasma was tested for thromboplastin inhibitor in the manner described above the results were similar to serum except that accelerators appeared to mask the effect somewhat.
DISCUSSION
This investigation has provided additional support for the existence of a factor in human plasma and serum which inhibits tissue thromboplastin and confirms Thomas' A comparison of the properties of this inhibitor with the lipid inhibitor of Tocantins (3) was made. The latter was more stable to heat and its inhibitory action on prothrombin conversion to thrombin was not dependent on incubation with thromboplastin. Ammonium sulfate fractions of thromboplastin inhibitor did not contain significant amounts of lipid inhibitor (18) even though the original plasma yielded amounts comparable to those reported by Tocantins. These observations indicate that the two factors are not the same.
The thromboplastin inhibitor is also different from the protein inhibitor recently described by Fiala (7, 8) . This investigator reports that his factor is adsorbed on barium carbonate, barium sulfate, and celite. The latter, which was reported to be the most efficient adsorbing agent, has no demonstrable effect on the thromboplastin inhibitor of serum. Similarly, there is no observable change in the thromboplastin inactivating property of serum when it is adsorbed with 10 times the amount of barium sulfate recommended above.
The part played by this inhibitor in the maintenance of blood fluidity may be of importance. Tocantins has demonstrated that dilution of blood in vitro (4) or in vivo as the result of severe hemorrhage (19) will accelerate clotting. This effect may be due to dilution of a thromboplastin inhibitor. It is also possible that plasma contains a thromboplastin-inhibitor complex which liberates thromboplastin when calcium is removed. Such a mechanism could readily explain the hyper-coagulability of freshly collected oxalated or citrated plasma. Recently, Honorato has found that normal and hemophilic bloods demonstrate significantly faster clotting when the calcium concentration is decreased (20) . It has also been suggested by a number of investigators that the intravenous injection of oxalate causes a coagulant effect (21, 22) . This has been reported to take place in the normal person as well as in the hemophiliac (23) (24) (25) . A study of this problem is being carried out in this laboratory with calcium-binding agents. Preliminary experiments have shown that sudden binding of a portion of the blood calcium will produce a significant coagulant effect in some hemophiliacs (18) . The coagulant effect is of short duration and appears to be only a fraction of the response obtained with fresh normal blood.
SUM MARY
Evidence is provided which lends additional support for the existence of a factor in human serum and plasma which inhibits tissue thromboplastin.
The inhibitor is heat-labile (560 C.), nondialyzable and can be separated from serum, by ammonium sulfate between the levels of 40 and 50 per cent saturation. It is stable in serum at room temperature. It appears to be different from the lipid inhibitors described by others.
The inhibitor appears to act on the thromboplastin only in the presence of calcium. Its effect can be reversed by removal of the calcium, thus restoring the original clotting properties of the thromboplastin.
The role of this inhibitor in the maintenance of blood fluidity may be of some importance.
